There is currently considerable interest in the determination of heavy metals for speciation in naturalwater samples. It is necessary to study the migration of trace iron(II) in river-water. In our previous studies, photoacoustic spectrometry (PAS) was used to determine the phosphate ion as a Molybdenum-Blue species adsorbed on uniform anion-exchange beads. 1 We made a compact PAS apparatus combined with a diode laser head (wavelength 826 nm) as a radiation source and a highly sensitive microphone for the photoacoustic cell. Hence, PAS was applied to the determination of trace iron(II) in natural-water samples.
There is currently considerable interest in the determination of heavy metals for speciation in naturalwater samples. It is necessary to study the migration of trace iron(II) in river-water. In our previous studies, photoacoustic spectrometry (PAS) was used to determine the phosphate ion as a Molybdenum-Blue species adsorbed on uniform anion-exchange beads. 1 We made a compact PAS apparatus combined with a diode laser head (wavelength 826 nm) as a radiation source and a highly sensitive microphone for the photoacoustic cell. 2 Hence, PAS was applied to the determination of trace iron(II) in natural-water samples.
Highly sensitive and selective spectrophotometric methods for water-soluble iron(II)-complex ions have been reported. [3] [4] [5] [6] [7] [8] [9] There are some reagents having a maximum absorption wavelength in the range of nearinfrared rays; for example, 2-nitroso-5-[ethyl-N-(3-sulfopropyl)amino]phenol (Nitroso-ESAP) (752 nm) 5 , 2-nitroso-5-(N-propyl-N-sulfopropylamino)phenol (Nitroso-PSAP) (756 nm) 5 and 2-(5-nitroso-2-pyridylazo)-5-(N-propyl-N-sulfopropylamino)phenol (Nitroso-PAPS) (793 nm). 8 Nitroso-PSAP was chosen for use in subsequent studies, because the pH range for the formation of the iron(II)-complex anion is wide.
On the other hand, Ohzeki et al. 10 proposed a preconcentration technique based on the adsorption of trace amounts of copper as complexes with various chelating agents using finely pulverised anion-and cationexchange resins of the macroreticular type. In our previous studies 11, 12 , this preconcentration technique was applied to the determination of ng l -1 levels of gallium in mine-drainage and river-water samples by electrothermal atomic absorption spectrometry.
In the present study, the authors developed a new sensitive method by PAS for ng l -1 levels of iron(II) in water samples, based on the preconcentration of a membrane filter with a pulverized anion-exchange resin.
It has become very important to determine trace amounts of iron(II) in situ in environmental samples, especially in natural water. The proposed method was applied to a visual method 13 for the determination of the total iron; it has wide determination range (0.05 -2.0 mg).
Experimental

Apparatus
The samples were analyzed on a photoacoustic spectromeric system: 2 A sensitive method based on preconcentration on a membrane filter with a finely pulverized anion-exchange resin has been developed for the determination of iron(II) in water samples by photoacoustic spectrometry. Iron(II) reacts with 2-nitroso-5-(N-propyl-N-sulfopropylamino)phenol (Nitroso-PSAP) to form a water-soluble chelate anion, which is adsorbed on the resin at pH 8.0; the resulting resin is filtered through a membrane filter (13 mm in diameter). The resin with the membrane filter is inserted into a cell, and the intensity of the photoacoustic signal of iron(II) is measured at 826 nm. The calibration graph for iron(II) was linear over the range 0.05 -0.8 mg in 30 -500 ml of a sample solution. The relative standard deviation for eight measurements at 0.5 mg of iron(II) was 5.4%. The detection limit was 10 ng of iron(II) in 500 ml (20 ngFe l -1 ). The interference of various ions was studied and the optimum conditions were developed for the determination of iron(II) in mine-drainage and river-water samples.
Keywords Iron(II), photoacoustic spectrometry, anion-exchange resin, 2-nitroso-5-(N-propyl-N-sulfopropylamino)phenol pulverized ion-exchange resin adsorbed iron(II) complex, a filter holder with membrane filter paper (Advantec Toyo, cellulose acetate type, 13 mm in diameter, pore size 0.45 mm) was used.
Reagents
All of the reagents were of analytical grade, and dilutions were made with high-purity water (Millipore, Milli-QII). An iron(II) standard solution (1000 mg/ml) was prepared by dissolving ammonium iron(II) sulfate hexahydrate (Wako, 99.5%) in 0.1 M sulfuric acid. A Nitroso-PSAP solution (DOJINDO, 5.0´10 -4 M) was prepared by dissolving in 0.1 M hydrochloric acid.
A finely pulverized anion-exchange resin suspension(ARS) was prepared by following a method described in a previous paper.
12 DIAION PA 316 (Mitsubishi Chemical Industry) was used as anionexchange resin.
Procedure
A 30 -500 ml portion of a sample solution containing 0.05 -0.8 mg of iron(II) was placed in a beaker and acidified with sulfuric acid to about pH 2. Two milliliters of a 5.0´10 -4 M Nitroso-PSAP solution and 5 ml of a 0.5 M phosphate buffer solution (pH 8) were added successively. The pH of the solution was adjusted to 7.5 -8.0 with 1 M potassium hydroxide. Then, 1.0 ml of ARS (ion-exchange capacity, 1.0 mequiv. ml -1 ) was added, and the mixture was shaken several times with a glass rod. The resin suspension was filtered under suction through a membrane filter, and then washed three times with 2 -3 ml of water. A thin circular resin, which was retained on the membrane filter, was dried under silica gel in a desiccator for 20 min and placed on a flat glass plate in a sample chamber of a photoacoustic cell. The photoacoustic signal intensity (PA signal intensity) was measured by PAS under the optimum conditions.
Results and Discussion
Effect of the pH and choice of chelating agents
To find the optimum pH range for the adsorption of iron(II) complexes on the anion-exchange resin, the recovery of iron(II) was examined. The maximum and constant recovery was obtained in the pH range 7.0 -11.0, as shown in Fig. 1 . The pH of the solution was adjusted to 8.0 in further work. Nitroso-PSAP, Nitroso-ESAP and Nitroso-PAPS were tested as the chelating agents with iron(II). Nitroso-PSAP was used because the pH range was wide, the analytical wavelength was suitable and the free Nitroso-PSAP anion was not adsorbed on ARS at pH 8.0.
Amounts of Nitroso-PSAP solution and ARS
The effects of the amounts of Nitroso-PSAP solution and ARS on the PA signal intensity for iron(II) were investigated. For 0.5 mg of iron(II), the maximum and constant signal intensity were obtained over the range 0.5 -5.0 ml of a 5.0´10 -4 M Nitroso-PSAP solution, as shown in Fig. 2 , and 0.5 -2.5 ml of 1.0 mequiv. ml -1 ARS, as shown in Fig. 3 respectively. Therefore, 2.0 ml of a 5.0´10 -4 M Nitroso-PSAP solution and 1.0 ml of 1.0 mequiv. ml -1 ARS were used in subsequent studies.
Effect of stirring for the adsorption of iron(II) complex on the resin
The adsorption of the iron(II)-Nitroso-PSAP complex on a finely pulverized resin was found to be quantitative by stirring several times with a glass rod. Thus, a glass rod was used for stirring, as described in a previ- 334 ANALYTICAL SCIENCES APRIL 1998, VOL. 14 ous paper.
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Calibration curve and detection limit A linear relationship through the point of origin between the PA signal intensity and the concentration was obtained over the range 0.05 -0.8 mg in 30 ml of iron(II) standard solution. The reproducibility of the proposed method for the PA signal intensity obtained from eight repeated determinations was 5.4% RSD for 0.5 mg of iron(II) in 30 ml of a sample solution. The detection limit, defined as three-times the RSD of the reagent blank, was 10 ng of iron(II) in 500 ml (20 ng Fe 2+ l -1 ) of water sample.
Effect of the sample volume
The enrichment of a 0.5 mg portion of iron(II) as the Nitroso-PSAP complex from various sample volumes was examined following the above-described procedure. A constant PA signal intensity for 0.5 mg of iron(II) was obtained at initial sample volumes of 30, 50, 100, 200, 300 and 500 ml. The reproducibilities for the signal intensity from five determinations were 6.0% RSD and 11.0% RSD in 200 ml and 500 ml, respectively.
Effect of foreign ions
The effects of commonly occurring foreign ions on the determination of 0.5 mg of iron(II) at pH 8.0 in 30 ml of sample solution were investigated. In this study, the tolerance limit was set as the amount which caused an error of ±5% in the recovery of iron(II). The recoveries obtained are the average of three replicate determinations. a. Sample volume: mine-drainage, 0.1 ml; river-water A, 1.0 ml; river-water B and well-water, 5.0 ml. b. EC: electric conductivity (mS cm -1 ). c. The average of five determinations. 
Determination of iron(II) in water samples
To evaluate the usefulness of the proposed method, it was applied to an analysis of iron(II) from minedrainage and river-water samples. The samples were filtered through a membrane filter as soon as possible after sampling, and acidified with hydrochloric acid to about pH 2 for storage. The results are given in Table  1 .
The proposed method can be successfully applied to the determination of mg l -1 levels of iron(II) in riverwater samples.
Application to visual method for the determination of total iron
The color intensity of the green iron(II)-Nitroso-PSAP complex on a membrane filter was measured visually following the standard series method. Iron(II) was determined as total iron after reduction with 1 ml of 0.1 M L-ascorbic acid solution, because the brown iron(III)-Nitroso-PSAP complex was also adsorbed on the ARS. The amounts of standard iron(II) which distinguished their color intensity was 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 2.0 mg as Fe 3+ . A visual method was applied to an analysis of water samples. The results are given in Table 1 .
